Maintaining high transcriptional fidelity is essential to life. A long-standing key question has been how RNA polymerase II (Pol II) achieves such a high transcriptional fidelity, with an error rate ranging between 10-4 and 10-5. Here we use a combined approach including biochemistry, X-ray crystallography, and molecular dynamics simulations to elucidate the molecular basis and chemical interactions in controlling Pol II transcriptional fidelity. We focused on the three key checkpoint steps in controlling transcriptional fidelity: specific nucleotide selection and incorporation, differentiation of RNA transcript extension of a matched over mismatched 3'-RNA terminus, and preferential removal of misincorporated nucleotides from the 3'-RNA end (proofreading). Taken advantage of "hydrogen-bond deficient" analogs, we dissect chemical interactions governing pol II transcriptional fidelity in each individual step. The current work provides the first systematic evaluation of electrostatic and steric effects in controlling Pol II transcriptional fidelity.
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